In the crystalline basement of the Tatra Mountains (Poland/Slovakia) two types of tourmaline-rich breccia zones are described, both having originated from magmatic fluids and showing a 350 ± 1 Ma Re-Os model age. Both T1 brecciated pegmatites and T2 vein-breccias are cemented by a tourmaline-quartz matrix. In T1 breccias, the metasomatic replacement of feldspars by tourmaline and overgrowths of small Tur 2 tourmalines on the primary pegmatitic Tur 1 tourmaline crystals suggest an important role for metasomatic processes. The microcrystalline nature of the quartz-tourmaline matrix and high vacancy ratios in the X-site in tourmaline from T2 breccias reflect relatively rapid crystallization from an oxidized fluid. The formation of both types of breccias is related to the internal structure of the Tatra granitoid intrusion. The layered character of the granitoid body probably stimulated the formation of pegmatite-like pockets, with local overpressure causing metasomatic alteration, rock brecciation and cementation by tourmaline (T1 breccias), the final hydrofracturing of overburden rocks and fluid escape. The resulting fracture zones (T2) are interpreted as the paths for fluid migration and rapid crystallization as the pressure and temperature dropped from 7.5-6 kbar and 630-570 ºC in the case of the T1 brecciated pegmatites to 2.5-1.5 kbar and 465-430 ºC in the vein T2 breccias.
Introduction
Tourmaline is a common accessory mineral in granitoids, especially peraluminous leucogranites and their pegmatites, formed as a result of continental collision (e.g. London 1996; Buriánek and Novák 2007; Slack and Trumbull 2011) . Tourmaline crystallizes as a magmatic mineral, as a subsolidus phase and as a late hydrothermal mineral, especially at the exocontacts of granitoid plutons. The presence of tourmalines is a marker of high B activity. The chemical composition of tourmalines mirrors the character of source rocks and might help to define the origin of the boron (Henry and Guidotti 1985; van Hinsberg et al. 2011a, b) .
Boron in granitic magma, especially in combination with phosphorus and fluorine, increases dramatically the solubility of H 2 O, and reduces melt viscosity. This results in enhanced partitioning of B into the fluid phase, the enhanced solubility of silica in the fluid phase and high hydrostatic pressure during final crystallization (Pollard et al. 1987; London 2009 ). Boron-rich fluids, released from the crystallizing granitoid magma, circulate in the contact aureoles and cause metasomatic reactions (tourmalinization and silicification) and/or hydrofracturing in both the granite and the host rocks (Müller and Halls 2005; Dini et al. 2008; Slack and Trumbull 2011) . When the internal pressure of the fluids exceeds the lithostatic one, the hydrofracturing triggers a breccia pipe and stockwork formation, both mineralized with Cu, Au, Mo, Zn and Sn ores and barren types, in the apical parts of granitic bodies (Derham and Feely 1988; Williamson et al. 2000; Skewes et al 2003; Dini et al. 2008; Feely et al. 2010 ). In the zones of hydrofracturing the solid rocks are fragmented and cemented by minerals crystallizing from the exsolved fluid, forming tourmaline-bearing breccias (Skewes et al. 2003; Müller and Halls 2005; Dini et al. 2008) . Metasomatic reactions are commonly developed, depending on the partial pressure of the fluid components and depth of granite pluton emplacement. Two models for the generation of such breccias are proposed: 1. explosive hydrothermal brecciation ("burst breccias"), a result of the exsolution of superheated late-magmatic fluids, migrating as jets of steam and fracturing the overlying rocks close to the surface (Skewes et al. 2003; Dini et al. 2008 and references therein); 2. hydrothermal collapse brecciation, formed by the metasomatic action of hydrothermal fluids (Sillitoe and Sawkins 1971) . Tourmaline that may be related to the ore mineralization, usually pre-or post-dates it, and spatial relations can be misleading (Slack and Trumbull 2011) . Increasing B concentrations in the magma promote increasing metal solubility due to increasing H 2 O solubility, although B is not directly involved in the transport and concentration of metals (Müller et al. 2006) . However, tourmaline mirrors the fluid composition and its redox state, which can be a trigger for ore deposition. The oxidation state of the fluid is recorded by Fe 3+ /Fe 2+ variations in the tourmaline structure (Fuchs et al. 1998; Pieczka and Kraczka 2004) . Tourmaline precipitating as a secondary mineral in shear or fracture zones shows usually a rather narrow compositional range, due to a high fluid flux and relatively rapid precipitation.
The presence of tourmaline-rich, molybdenite-bearing hydraulic breccias cutting the layered structures of the granitoid intrusion, provides an excellent opportunity to study the fate of the boron-rich, granite-derived fluid and the age of the mineralization. The aim of this paper is to describe the zones of fracturing, mineralized predominantly by tourmaline and quartz, with locally dispersed molybdenite, found at several locations in the Tatra Mts. crystalline core, but always spatially connected with the presence of layering in the granites. The origin and age of the mineralization found in these zones and their relationship to the internal structure of the Tatra intrusion is also discussed. Although the temperature range of tourmaline crystallization under post-magmatic conditions is relatively wide (550-150 ºC; Slack and Trumbull 2011) , the rapid crystallization of breccias and the presence of rutile coexisting with quartz allowed the application of the Ti-in-quartz geothermometer of Wark and Watson (2006) to co-precipitating quartz and tourmaline and, lastly, a P-T path determination.
Carpathian Foredeep
Outer 
Geological setting
The Tatra Massif is one of the crystalline units within the Inner Western Carpathians (Fig. 1a) . The crystalline basement of the Tatra Mountains is built of the polygenetic Variscan Tatra intrusion and its metamorphic envelope (Fig. 1b) . The crystalline complex is covered by nappes of Mesozoic sedimentary formations (Fig. 1b) . The present-day structure of the Tatra Massif is a result of Paleogene uplift and division of the whole massif into small tectonic blocks at 36-24 to c. 10 Ma (Burchart 1972; Kohút and Sherlock 2003) and final tilting to the north at c. 30 degrees along the Sub-Tatric Fault (Fig. 1b; Grabowski and Gawęda 1999) . Metamorphic rocks are preserved mostly in the western part of the massif, the Western Tatra Mountains (Fig. 1b) and were intensively migmatized at c. 360 Ma (Burda and Gawęda 2009) . Inside the Western Tatra metamorphic envelope, tourmaline-bearing pegmatites are present. They are thought to be associated with the evolution of anatectic melt and have been dated at 345 ± 9.5 Ma by the WR Rb-Sr method (Gawęda 1995) . The schorl-dravite series tourmaline crystallization in the pegmatites reflects boron and water activity, variable oxygen fugacity and restricted Fe-Mg mobilization during anatexis and pegmatite fluid fractionation (Gawęda et al. 2002) .
The tongue-shaped Tatra granitoid intrusion (Kohút and Janák 1994) consists of several magmatic pulses, all dated by the U-Pb method on zircon: I-type mingled hybrid quartz diorite, interpreted as a mafic precursor and dated at 368 ± 8 Ma, tonalite-granodiorite showing an age interval of 360-370 Ma, syenogranite-monzogranite, locally porphyritic, rich in xenoliths and mafic microgranular enclaves, dated from 350 ± 5 Ma to 337 ± 6 Ma (Poller et al. 2000; Gawęda et al. 2005; Gawęda 2008 Gawęda , 2009 Burda et al. 2011 Burda et al. , 2013 . Formerly, these granites were dated at 314 ± 4 Ma (Poller and Todt 2000) but this age was later interpreted as to be influenced by the Pb-loss caused by post-magmatic shearing (Gawęda 2009).
The granitoid intrusion shows internal layering, formed as a result of mixing of mafic and felsic magma batches during flow (Burda et al. 2011; Gawęda and Szopa 2011) . The formation of sedimentary-like structures in the granite was facilitated by the high content of volatiles, including H 2 O, B, CO 2 , P 2 O 5 , and locally CH 4 (Gawęda and Szopa 2011; Szopa et al. in print) . As the layering shows normal density gradation and inverse size gradation, the bottoms of layers are enriched in mafic minerals whilst the tops are felsic and sharply bordered by the mafic bottoms of the overlying layer (Fig. 2a) . Locally, the pegmatite-like lenses are concentrated in the felsic part of the layer (Fig. 2b) .
Sample description
Two types of tourmaline-bearing breccias were identified in the field, all associated with layered granitoids.
Pegmatite-like pockets and pseudo-layers (T1) are up to 20 cm thick and show the internal brecciation. The pegmatite-like pockets, typically with graphic texture, are located on the top of the graded layers (Figs 2a-b and figures in Gawęda and Szopa 2011), and sporadically grade into T1 breccia zones.
Their presence is also correlated with partially molten metapelitic xenoliths (Pawlica 1913; Gawęda 2009 ). When tourmaline is lacking in the pegmatite-like pockets, brecciation is not observed (compare Fig. 2b-c) . In T1 brecciated pegmatites (Fig. 2c ) the primary tourmalines Tur 1 are overgrown by secondary Tur 2 fine-grained types (Fig. 3a) , whilst primary K-feldspars show partial metasomatic replacement by Tur 2 tourmaline (Fig. 3b) .
The tourmaline-rich breccia veins are 2-3 metres long and 6-20 cm wide, anastomosing into millimetre-thick veins, trending 20-40° to SSE, cutting discordantly layered and non-layered granitoids ( Fig. 2d-e) .
Both types of breccias are cemented by fine-grained to submicroscopic tourmaline, quartz, feldspars and muscovite ( Fig. 3c-d, f) . Quartz crystals are closely intergrown with tourmaline showing blue-dark blue to khaki-grey pleochroism, minute K-feldspar and albite. Prismatic and needle-shaped rutile is rarely observed in quartz. Xenomorphic to subidiomorphic fluorapatite is locally intergrown with tourmalines (Fig. 3d) . Fine-grained zoned phengitic muscovite occurs as an accessory mineral in T1 breccias (Tab. 1; Fig. 3e ), whilst in T2 breccias unzoned phengitic muscovite flakes are present (Tab. 1; Fig. 3f ). Submicroscopic sulphides (molybdenite, tetrahedrite or pyrite) are sporadically found (e.g. Wątocki 1950; Gawęda et al. 2007 ). In one case a molybdenite crystal reaching 6 mm in diameter was observed (Fig. 2e) .
Field observations at the contact of the crystalline core and Mesozoic sedimentary cover of the Tatra Mountains preclude an Alpine age for the tourmaline-rich breccias: they cut discordantly the crystalline rocks (e.g. Fig. 2d ; PKK sample) but do not continue into the sedimentary cover.
Analytical methods
The analyses of tourmalines and associated minerals were carried out on CAMECA SX-100 electron microprobe in the Inter-Institution Laboratory of Microanalysis of Minerals and Synthetic Substances in Warsaw, using sets of natural and synthetic standards. Microanalyses were carried out at 15 kV and 10 nA, with counting times of 20 s for all elements, except boron. The amount of B 2 O 3 was calculated from stoichiometry, assuming three boron cations in the crystal-chemical formula, as well as water content (e.g. Henry et al., 2011) . The following standards and K α X-ray lines were used: albite (Na), orthoclase (K), wollastonite (Ca), corundum (Al), diopside (Mg, Si), rutile (Ti), hematite (Fe), rhodonite (Mn), synthetic phlogopite (F), and synthetic Cr 2 O 3 (Cr). The crystal-chemical formulae were recalculated for 31 (O,OH,F) a.p.f.u. according to the general scheme:
Site occupancies were calculated assuming that Si deficiency in the tetrahedral site (T) is compensated by Al. Consequently, if Al < 6, Ti, Fe 3+ and Mg compensate Z-site occupancy Ertl et al. 2012) , while octahedral site (Y) is filled by the remaining Al, Mg, Mn, Fe 2+ , Fe 3+ and Fe 2.5+ cations (Pieczka and Kraczka 2004). The X site is occupied by Na, Ca or may be vacant von Goerne et al. 2011 ). The OH content in a.p.f.u. was assessed by charge balance. The tourmaline classification scheme of Henry et al. (2011) was applied.
Mössbauer absorption spectra for one selected monomineralic tourmaline and one muscovite sample from the hydrofracturing zone were recorded at room temperature using a constant acceleration spectrometer with a 57Co:Pd source. Metallic iron powder (α-Fe) absorber was used for velocity and isomer shift calibration of the Mössbauer spectrometer in the Physics Department of the University of Silesia.
A single sample of well-developed molybdenite was used for age determination according to procedure of Stein et al. (2001) . Thirty milligrams of molybdenite were separated using a small hand held drill. The AIRIE Program uses an occurrencedriven strategy for Re-Os dating, which means that robust age results are not dependent on a milligram quantity of molybdenite (see Stein 2006) .
The sulphur isotope composition of the same molybdenite was determined using the Delta 5 Thermo Finnigan mass-spectrometer at the Laboratory of Isotope Geology and Geo-Ecology of Wrocław University, Poland. The following isotopic standards were used: barium sulphide (Atlantic Ocean with δ 34 S CDT = -20.06 ‰ in relation to V-CDT; δ 18 O SMOW = -9.91 ‰ in relation to V-SMOW) IAEA-S-1 (δ 34 S CDT = -0.3 ‰ in relation to V-CDT), IAEA-SO-5 (δ 34 S CDT = +0.5 ‰ in relation to V-CDT) and IAEA-SO-6 (δ 34 S CDT = -34.1 ‰ in relation to V-CDT). The measurement error (2σ) for δ 34 S was below +0.3 ‰. Laser ablation inductively coupled plasma mass spectrometer (LA-ICP-MS) at the Geological Survey of Norway, Trondheim was used to determine trace-element contents in quartz associated with tourmaline. It is a double focusing sector field instrument (ELEMENT-1 Finnigan MAT) combined with a New Wave UP-193 nm excimer laser probe. Continuous raster ablation was carried out, resulting in ablated rasters of approximately 150×100 nm with depths of 20 to 30 µm. Element concentrations were calculated by multi-standard calibration. Limits of detection (LoD) are listed in Tab. 4. The analytical error ranges within 10 % of the absolute concentration of the element. Detailed description of the measurement procedures were given by Flem et al. (2002) and Flem and Müller (2012) . The analysed quartz crystals were examined by scanning electron microscope cathodoluminescence (SEM-CL) using a Centaurus BS Bialkali type CL detector prior to and after LA-ICP-MS analysis in order to relate the analyses to particular crystal growth zones, where growth zoning is developed, and to avoid the analysis of secondary quartz generations. 
Results

Tourmaline composition
Tourmaline crystals, mostly 5-30 µm in size, are mostly unzoned (Fig. 3a, d (Fig.  4b, d ). Fluorine content is typically low (0.02-0.05 a.p.f.u.; Tab. 2).
However, tourmalines from the two breccia types differ in composition. Tourmalines from the T2 breccias are chara cterised by lower fm Y ratios and plot consequently in the schorldravite-Mg-foitite compositional fields, whilst those from T1 breccias show higher fm Y ratios and can be classified as schorl (Fig. 4a) . On Na + K [a.p.f.u.] vs. V X diagram (Fig. 4b) , the first trend (r 2 = 0.770) describes the composition of tourmalines from T1 brecciated pegmatites, whilst the second (r 2 = 0.923) represents tourmalines from T2 breccias with a wider range of vacancy ratios. As a consequence, tourmalines from T2 breccias could be assigned to both the alkali-group and to a vacancy group, whilst those from T1 breccias plot exclusively in the alkali group field (Fig. 5) 
Mössbauer spectrometry of tourmaline and muscovite
In all tourmaline samples from the T2 breccias three doublets from Fe 2+ were observed as well as two small doublets from Fe 3+ ( Fig. 6a ; Tab. 3a). The latter forms c. 20 % of the total iron in PKK sample (Tab. 3a) and up to 38 % in the NB sample (Tab. 3b). One quadrupole assigned to charge-transfer/electron hoping (Fe 2.5+ ) is caused by the presence of both Fe 3+ and Fe 2+ in neighbouring Y structural positions, and accounts for c. 6.65 % of the total iron (Tab. 3a-b). The secondary tourmalines from T1 fractured pegmatites were difficult to separate from the primary types, so Mössbauer spectrometry was not carried out. In the muscovite spectrum, two doublets from Fe 2+ are observed, forming c. 37 % of the total iron in the muscovite, and three doublets from Fe 3+ ( Fig. 6b ; Tab. 3b), all substituting Al in octahedral positions.
Quartz composition and geothermometry
After careful optical CL observations of thin sections, two representative samples of T1 and T2 breccias were selected for SEM-CL studies and trace-element analyses of quartz. Both samples have macroscopic textures typical of the localities. The examined quartz crystals do not show growth zoning in CL. However, both samples show a network of healed micro cracks seen in CL only ( Fig. 7a-d) . In the T1 sample the micro-cracks are healed with non-luminescent quartz connecting non-luminescent microdomains hosting fluid inclusions. These secondary structures are typical of plutonic quartz (Müller et al. 2010a and references therein). Occasionally, faint banding sub-parallel to grain boundaries is developed (Fig 7a) . The T2 sample shows microcracks healed with brightly luminescent quartz and secondary microcrystalline feldspars ( Fig. 7c-d) . The secondary structures were avoided during LA-ICP-MS study.
Six LA-ICP-MS analyses were carried out on unaltered quartz domains of each sample (Tab. 4). Aluminium, which is the most common trace element in quartz (e.g. Götze et al. 2001; Müller et al. 2003) , is low in both samples, with similar concentrations compared to published Al data from magmatic and hydrothermal quartz elsewhere (e.g. Jourdan et al. 2009; Müller et al. 2010b ). The differences in Ti contents rank among the most conspicuous features distinguishing both samples quartz from the T2 breccia is poorer in Ti (2.2 and 3.7 ppm). Lithium, B and K are relatively high compared to quartz composition described from other environments (e.g. Müller and Koch-Müller 2009).
The Ti concentrations have been used for calculation of the quartz crystallization temperature, applying the Ti-in-quartz geothermometer of Wark and Watson (2006) . Quartz from the T1 sample crystallized between 572 and 627 ºC, supporting its magmatic origin suggested already by the secondary CL structures. Quartz in the T2 sample gives temperatures of 465-430 ºC, indicating hydrothermal and/or magmatic-hydrothermal transition regimes.
Molybdenite characteristics and dating
Molybdenite is observed as single isolated blades (<3 mm) or a small aggregate of crystals (6 mm in diameter; Fig. 2c ) in brecciated pegmatite (T1) within a coarse-grained leucocratic porphyritic granite. Minute molybdenite flakes occur within quartz and tourmaline matrix sealing brecciated K-feldspar, albite and Tur 1 tourmaline crystals both inside T1 and T2 breccias. Molybdenite post-dated the primary tourmaline and was contemporaneous with the secondary mineralization.
Tab. 3 Hyperfine interaction parameters obtained from the Mössbauer spectra for the two selected tourmaline samples and one muscovite from T2 breccia a) tourmaline from PKK sample The analyzed molybdenite sample has a Re concentration of 16.58 ± 0.01 ppm, and a radiogenic 187 Os concentration of 61.04 ± 5 ppb. Using a double Os spike, the common Os was measured and is essentially zero. These data provide a 187 Re-187 Os model age of 350 ± 1 Ma, indicating a period of molybdenite crystallization in Carboniferous, Early Mississippian (Tournaisian) times. The sulphur isotopic composition, expressed as δ 34 S CDT , equals +2.35‰.
Discussion
Crystallization conditions
Post-magmatic mineralization, both boron-and sulphide rich, in the Tatra granite and its metamorphic envelope is not common but occurs locally in some pegmatites (Gawęda et al. 2002) and quartz-tourmaline-feldspar pockets (Gawęda and Szopa 2011). The presence of breccias, cemented by tourmaline and quartz, suggests that boron, along with water, dominated in the exsolved fluid phase which, however, did not contribute to the development of pegmatites. As pegmatite-like lenses without tourmaline crystals show no brecciation, possibly boron alone stimulated the process.
In T1 breccias, the metasomatic replacement of brecciated K-feldspars and overgrowth of the pegmatitic Tur 1 tourmalines by micro-crystalline Tur 2 varieties (Fig.  3a-b) suggest rather redistribution of elements during metasomatic alteration and inheritance of tourmaline (Tur 2 ) composition from primary pegmatitic tourmalines.
The high Ti and Fe contents in these tourmaline crystals, together with the lack of biotite in both pegmatites and breccias, could have resulted from the recycling of magmatic biotite components, mobilized by the boronrich fluid. This could be the cause of the observed lack of any clear compositional trend in Al TOT vs. Fe TOT and Mg vs. Fe 2+ diagrams (Fig. 4c-d ) and the trend inherited from primary tourmalines on the Na + K vs. Vx diagram (Fig. 4b) .
The microcrystalline to fine-grained nature of quartztourmaline matrix in the T2 breccias reflects a relatively rapid crystallization from the fluid. The high vacancy ratio (Vx) in the X-sites (Tab. 2; Fig. 4a-b) , together with the scarcity of crystal zonation (Fig. 3c-d) , could be also a result of rapid crystallization (Novák et al. 2004) , whilst the coexistence of tourmaline with ore minerals suggests fluid boiling (Slack and Trumbull 2011) . However, the scarce zoned tourmaline crystals, showing a Fe increase towards the margins (Fig. 3c ) might be a signature of limited Fe-Mg fractionation during crystallization of the matrix in T2 breccias. As in hydraulic breccias the composition of tourmaline is buffered by the fluid phase, such that the tourmaline composition could be a monitor of fluid modification (Slack and Trumbull 2011) . Observations at selected localities of the T2 breccias point to the growing vacancy ratio and Al content from the margin to the central part of the veins, which is consistent with the linear compositional trends (Fig. 4b-d) . The substitution mechanisms in both types seem to be a mixture of Al in Y-site and schorl-dravite exchange. In some localities the predominance of the schorl-dravite exchange or Al in Y-site can be seen (Fig. 4d) . The results of the Ti-in-quartz geothermometry suggest a temperature range of 627-572 ºC for T1 and 465-430 ºC for T2 (Tab. 4). The former range is typical of latemagmatic conditions of fracturing, i. e. crystallization in pegmatites, whilst the latter suggests late pegmatitic-hydrothermal conditions, comparable with the cooling temperatures obtained from ternary feldspar geothermometry (Gawęda and Szopa 2011). Calibration of the pressure range using the Massonne and Schreyer (1987) method for the zoned phengitic muscovite (Fig. 3e ; Tab. 1) suggests that in pegmatitic segregations the exsolved volatile components could have locally built up a pressure of 6.0 to 7.5 kbar (Fig. 8) . Given that the calibrated pressure for different parts of the Tatra granite Pluton was 4.5-6 kbar (Ludhová and Janák 1999; Gawęda et al. 2005; Gawęda 2009; Burda et al. 2011; Gawęda and Szopa 2011) , it could have exceeded the lithostatic pressure, favouring hydrofracturing of the internal pegmatitic components as well as of the host granite. Crystallization inside the distant fracture zones (T2), calibrated for the unzoned, syntectonic muscovite (Fig. 3f) , coexisting with tourmaline, took place under lower pressure conditions (2.5-1.5 kbar; Fig. 8 ).
Fluid characteristics and age
The presence of sulphides, especially the spectacular molybdenite, and relatively high Fe 3+ content (20-38 %; Tab. 3a-b) in tourmalines suggest that the precipitation occurred from a superheated, rather oxidized fluid (Yavuz et al. 1999; Slack and Trumbull 2011) . The high fO 2 of the fluid is supported by the predominance of Fe   3+ in the muscovite associated with tourmaline (Tab. 3c). The positive δ 34 S value of the molybdenite is typical of granite-related sulphide mineralization (Rollinson 1993) and is similar to the sulphur isotopic composition of hydrothermal tetrahedrites from the Tatra Mountains (δ 34 S CDT = +1.91 to +2.95; Gawęda et al. 2007 ). The 350 ± 1 Ma model age of molybdenite from the brecciated pegmatite fits within error the whole-rock Rb-Sr isochron age of pegmatites from the same area (345 ± 9.5 Ma; Gawęda 1995), and the U-Pb zircon ages of the host granites (360-340 Ma; Poller et al. 2000; Gawęda 2008; Burda et al. 2013) . Molybdenite age presented here supports also the U-Pb dating of the magmatic activity in the Inner Western Carpathians which was attributed to the prolonged subduction and final plate collision and closure of the Rheic Ocean (Gawęda and Golonka 2011; Broska et al. 2013; Burda et al. 2013 and references therein) . This is the oldest recorded molybdenite mineralization in the Inner Carpathians (cf. Kohút and Stein 2005; Kohút et al. 2013 ).
Possible scenario of formation of the fracture zones
In contrast to the classical pegmatites, locally with tourmaline (Gawęda et al. 2002) , volatile components exsolved from the slowly cooling granitoid body, originally rich in water (5-6 % H 2 O in melt) were concentrated into pockets and lenses, screened by the impermeable bases of the magmatic layers, rich in sheet silicates and opaque minerals (Gawęda and Szopa 2011). During crystallization they formed pegmatite-like bodies, locally rich in tourmaline (Fig. 9 a) . The internal pressure in such fluid-rich pockets could have locally exceeded that of the overburden rocks, favouring the escape of the superheated fluid by hydraulic fracturing. The resulting fracture zones could have provided paths for fluid migration and rapid crystallization as the pressure and temperature dropped (Figs 8, 9b ; see Derham and Feely 1988) . Where the fluid could not escape, the pegmatite-like pockets show internal brecciation and metasomatic replacement of Kfeldspars by tourmaline, due to the overpressure and high B, Al and H 2 O contents in the fluid phase. Thus in this simplified model, the key role for the formation of channelized fluid flow and hydraulic breccia formation close to the magmatic T ( ) ºC source is attributed to the fluid circulation and local overpressure.
Conclusions
1. The formation of tourmaline-rich breccias should be linked to the internal structure of the granitoid intrusion.
The layered character of the granitoid body is thought to have restricted the exsolved fluid migration and promoted the formation of pegmatite-like pockets on the top of the individual graded layers. Local overpressure presumably caused metasomatic alteration, brecciation and finally the escape of the boron-rich fluid. 2. The precipitation of the tourmaline-quartz mineralization in breccias could have taken place from superheated, possibly boiling oxidized fluid, exsolved from the cooling granitoid magma. The age of brecciation was constrained at 350 ± 1 Ma by Re-Os molybdenite dating. 3. Brecciation and metasomatic replacement in T1 took place under subsolidus conditions (6-7.5 kbar; 570-630 ºC), whilst rapid crystallization in T2 breccia veins occurred from cooling fluids at decreasing pressure and temperature (1.5-2.5 kbar, 430-465 ºC). 4. The differences in P-T conditions correlate well with two compositional trends found in tourmaline. Large variations in vacancy ratios in T2 tourmalines were possibly caused by rapid crystallization leading also to disorder in Al-Fe 3+ -Mg substitution in Z-sites and Al exchange in Y-sites. The composition of T1 tourmalines might be at least partly inherited from the primary mineral phases (biotite or primary tourmaline).
